SUMMARY: An audiometric survey of a random 'sample of two hundred serving Infantrymen showed that 28 per cent of the sample had an nnrecognized or unadmitted hearing loss of greater than 30 dB at 3-6kHz. This indicates an unchanged prevalence of acoustic trauma amongst serving Infantrymeu over the last ten years despite the availability of hearing protection for a:II personnel.
Introduction
All three services have prohlems in protecting the hearing of their personnel from hazardous continuous noise ,caused by ~ndustrial machinery, the engines of ships and aircraft, and the engines and tracks of armoured fighting vehicles.
The Army, perhaps mosi of the three services, a'lso ha's tJhe problem of impulse noise from military weapons, particularly from high veloci:t;y smaH arms such as the 7.62 mm self-loading rifle and general purpose machine gun, and from the laflger anti-tank and afltillery weapons.
It has been known £or some years that the infantry, tn particular, suffer from acoustic trauma caused ,by weapon nots-e. Liveseyl and Brasher 2 have Ishown that 30 per cent of a sample of serving Inlfanltrymen and 30 per cent of a mixed group of serving teeth a'lID pe);sonnel respeotively were suffering fmm unrecognized acoustic trauma (a hearing loss of greater than 30 dB in the 3-6 kHz frequency mnge which could reasonably be attributed to weapon noise).
The three Services have all had separate hearingconservaliion programmes in operation for some years. The detail of the programmes has varied between the Services ,but in general they have been made up of the following ,pafits: a. Detection, measurement and evaluation of noise hazard. h. Reduction of noise hazard at source and avoidance of new sources. c. P'rovision of hearing protection for those exposed to noise hazard. Del (Army) 19 of 1966 aurthorised the issue of ear plugs to all ranks in the Army.
d. Screening of :the hearing ,acuity of new entrants and regular monitoring of the hearing acuity of those exposed to noise hazard. e. Health education regarding noise hazard.
Until recently the Army's only method of screening hearing acuity, outside of hospital ORL departments, has been the forced whisper test. The use of selfrecording or manual audiometers in an audiometric screening programme has been the subject cl much controversy over the years. 11he recent discussion document "Audiometry in Industry" was dliculated by 'the Health and Safety Executive [0 obtain comment on their proposed guidelines for an audiometric screening programme in industry. A definitive set oifguidelines, !based on the amended discussion document, is expected to be published later this year.
However, the Royal Navy3 and Royal Air Force 4 have carried out audiometric monitoring of some of their personnel at risk for several years. ~he Royal Navy extended this recently to include audiometric screening ·oif new entrants using manual audiometry at their Careers Offices. In addition, both ,the Roya,l Navy and Royal Air Force caTry out base-line audiometr.y on new recruits aIt their recruit training establishments. The Army introduced an audiometric screening programme in October 1979. Screening of recruits to obtain a base-line audiogram is being carried out using self-recording audiometers during their initial medical examination at recruit training establishments.
Regular monitoring of the hearing acuity of serving soldiers is then to .be carried out using manual audiometers. This ,will be annually for personnel 3.1t high risk, and at the periodic medical examination for .all other personnel. The instructions forthea.dministr:avi:on of ,the programme, inoluding the de&i-tion of high risk employments, has been notified to units in Army General and Administrative Instructions. The medical aspects of the programme have been published in Medical Administrative and Technical Instructions.
However, no assessment of the prese1llt levels of hearing acuity in serving soldiers has been carried out since 1969 and the prese1llt :study was set up to provide up to date information on this, and to enalble ,the implications of the planned programme to be clarified.
Methods
The sample was randomly selected from the Infantry Demonstration Baittalion at Warminster. This composite unit is made up of personnel drawn from all fortytwo battalions of Infantry. I!t is as representative of total infantry manpower as can be dbtained at any single location.
The two hundred infantrymen were selected from the battaHon nominal roll using random number tables. Thillty of those originally seleoted had ,to be substituted Ibecause of non·a'vaila!bHity, acute middle or e~ternal ear disease, or inability to grasp w:ba;t was 'required of them. 'f.he suhstitutes were found by selecting the nexit name on the battalion nominal roll with the same rank, age and length of service as the original selection.
The survey was carried out using Tracor Rudmose ARJ -4C self-recording audiometers. All suhjects were interviewed prior to carrying out their audiograms, and a questionnaire wa,scompleted ,which recorded information such as the subject's date of birth, recent weapon noise e~posure, recognition and management of hearing loss, and the results of the analysis of the audiograms recorded in the survey. Anonymity ,was preserved in the survey by ,the allocation of a survey se'rial number to each subject. The suibjeots were also assured thaJt no administraJtive action would be taken at this stage whatever the audiometric findings were in the survey. However, if a remediable hearing problem was discovered, the individual was referred to the battalion's medical officer for treatment or an appointment to see an ORL consultant.
All questionnaires were applied 'at the pre1iminary interview iby the author, who also instruoted each subject in the procedulie for carrying out the audiograms and supervIsed the record~ng. This enabled dbserver variation rto be reduced to a minimum.
Pulsed itones !Were used throughout ithe survey, ,theaudiometer presenting pulses at 2.5 pulses per second with an attenurution rate 'of 5 dB per second. This configulia'tion was 'recommended ,by MdCommollis and Hodge5 as ,being the optimum for this kind of audiometry. 11he machine presented the tones in ascending frequency orde'r from 0.5 kHz ,to 8 k!Hz completing the left ear first and then the righitear.
On completion of the hearing test each audiogram card was stapled to the subject's questionnaire sheet. Audiometric analysis was undet1taken at the Army Personnel Research Establishment (.NPRE), Ramborough by the aUlthor afte'r completion of the Isurvey and the resuLts entered on the questionnaire sheet. The precoded data was then transferred to punched cards and disc files were created using the Roya,J Aircraft Establishment link to a me 6600 computer at the SI~ Computer Bureau in Centml London. Descriptive anaJ)'ISis and cross-tabulation of the varia;bles were ,performed using the SBSS package. 6 Because the survey judged hearing levels by a single audiogram recorded under less than ideal cond~tions, audiometric foIJow-up of all su!bjects who appeared to have a hearing classi'ficaJtion of H4 or WOlise ("positives") was carried out at the ORL depa:mment of the Oam!bridge Military HOIspital, Aldershot. After comparison of the survey and foIlcm-up findings, hearing levels were confirmed or revised, and the results were Itrubulated.
Results
The audiogram,> were analysed ,in two ways. Fi~stly hy PuIheems H classification l3!nd secondly, by hearing 'loss an the 3, 40r 6 kHz frequencies. The results of the audiometric analysis using hearing levels recorded in the survey to allot PULHEBMS H quality gradings, together with :the results of the audiometric follow-up aJt ~he Cambridge Military Hospita,} are ,shown at Table I. 11he 49 sUibjects (24.5 per cent of the sample) who were found to be H4 or worse in ,the survey were reduced to 20 (10 per cent of the sample) after follow-up. Similarly, the number of subjects found in the survey to be H8 was reduced to four (two per cent of the sample) after follow-up.
The resullts of the audiometric analysis of the survey audiograms using the audiometric groups described by Liveseyl in his survey to grade hearing loss at 3, 4 or 6 kHz, together wjlth the results of the audiom~tric follow-up are shown at ~he 96 subjeots 1(48 percent of the sample) who were found to have a hearing loss of greater than 30dB at the higher frequencies in the survey were reduced to 67 (35.5 per ,cent) at foHow-up. Eleven (5.5 per cent) df these had recognised their hearing impairment, leaving 56 (28 per cent) wilth an unrecognised or unadmitted hearing loss. Ten subjects ~five per cent of the sample) had a hearing loss of ,greater ,than 70 dB ,confirmed at the follow-up.
Discussion ~he results of both analyses of :the audiometric data indicate that many false "positives", as well as ,all the true "positives", will be identified by a seIi-r·ecorded survey of this sort us1ng a single aUdiogram to determine hearing levels.
The main reasons for the upgrading of the soldier's hearing classification at follow-up were resolution of conductive deafness following previous upf>er respiratory infection, often associated with Eustachian caJtarrh, and loss of concentration during the audiometry by a number of subjects which had not been identified during the audiometric examination at Warminster.
To reduce the unnecessarily heavy workload that may fall on military ENT depaf!l:ments, it is essential that each medical centre carrying out audiometry Acoustic Trauma Amongst Serving Infantry lPersonnel employs a combination of careful clinical ,e~aminatiQn and !repeat audiograms to authenticate hearing losses !before re 1 fel1ratl for an ORL opinion.
Bven so, it would appear that up to 4,000 serving Infantry officers and soldiers (10 per .cent of the Infantry strength of around 40,000) may need to be refeJ.'lred for an ORLspeciaJlist opinion in .the first four yearsod' the screening progJ.1amme. During that period aU serving personnel should have had at leaSit one audiometric examination.
Walden and his ,coHeagues 7 in the United States have shown that the prevalence of hearing loss was much the same between armour, artillery and infantry personnel in the United States Army. It would not ,be unreasonruble therefore to predict ,that a further 4,000 serving officers and soJdiers from the other teel1:h arms (strength approximately also 40,000) will require an ORL opinion 1n the first four years of the programme.
A much lower ,prevalence of hearing loss is Jikely to be found amongst personnel in ,the supporting services, but irt would be realistic to e~peot a further 2,000 personnel (from a :strength of approximately 60,000) to have similar hearing losses. This would make a total of up .to 10,000 serving personnel from aH Arms and servioes who will require an ORL opinion in ,the fi:l1St four years of the prog'ramme to assess their hearing classification and future employ:a:bility in the Army.
By a similar ,argument up to 2,000 serving officel1s and soldiers could be found to be H8 and medically d1schwrged under current regulations. Many of the officers are of field rank and laJbove, and many of the sdldieroS are senior warrant officers and NCOs. This wouJd be a loss of expertise and trained manpower that the Army could ill-afford.
A comparison between the 28 ,per cent prevalence of aicouSltic trauma in 'senv:1ng Infantry:men found in the present survey, and the 30 per cent preva,lence found in Lhresey's and Brasher's survey shows tha't there has been little change in the amount of unrecognised acoustic trauma amongst serving In~antrymen in the la,st ten years, despite the availability of adequate hearing protection for every officer and soldier. There is still a laok of awareness of the dangers of weapon noise to headng and a certain amount df resistance to the wearing of hearing protection at an levels in the Army that must ibe overcome by health education and pUblicity if the hearing conservation programme is to be a success.
[t is distut1bing to find Ithat 5 per !cent of the Isu1bjects ,in :the survey had a hearingloss greater than 70 dB at 3-6 kHz. As Brasher points out in his 1969 survey report, many of the warning sounds essential to an Infantryman's survival during operations, suoh as snapping tWigs, rustle of leaves, ~md /footsteps on grruvel have significaIllt high !frequency components. This would make it 'Very difficult for these personnel to identify la,nd ~ocate the warning sounds, and would make them a liability !When on patrol or guard duty, particularly on internal security operations or m a Icontlict in lNor:th-iWest Europe.
One of the outcomes of the survey, and the manning implications dlat it raises, hals lbeenthe agreement Iby a tri-service working party on new audio-metrically-based hearing standards. These have been adopted by the Army at the commencement of the audiometric screening programme. The new system, which supersedes that in JSP346S, includes recording of hearing levels in each ear separately (this does away with the need for H4, HS and H6), a new wider-hased H3 standard which will give ENT speciaiiJSlts greater flexibility in the grading of personnel with hearing impairment, and a new standard which will provide a holding grade to 'cover those personnel with aided hea,dng and those whose hearing disa;bility 1:S likely to improve.
Hearing grades are Ito be allocated Ibased on the Isum of the hearing losses in three low frequencies (0.5, 1 and 2 kHz) land :thr,ee high /frequencies (3, 4 and 6 kHz). These losses must not exceed a set <limit for each grade.
The system will increase the number of pel1sonnel retained in the services with a hearing impairment, and will ;throw the onus ,onto ORL Slpeciailists to make oareful recommend'a'tions on the future emlJloyment of these personnel and on to units to ,carry out the recommendations. Also, more account wil'l be taken of noise induced hearing loss in the assessment of an individual's hearing classification.
However, this is only one of Ithe 'Problems highlighted by lthe survey and there are other implications in Ithe sUlwey findings which concern the Army, the Army Medical Services and future hearing conservation strategy.
Implications
The 'fil1St ,and most obvious implication is the need f,or an immedia1te eX!pansion of hea1th education on the dangers of exposure to hazaJrdous noise and the need to wear hearing protection. It :should 'become a part of all mIlitary training programmes and lbe included in training objectives.
The Ministry of Defence should tssue ,Instructions reminding all weapon training rnstructol1s and mnge lstaff of their responsibility in enforcing It;he wearing of hearing 'protection \by an personnel while live firing is taking place. A clear policy statement shou~d be made on the wearing of hearing protection in military transport, pa11ticularly iby paslsengerls in tracked ,a'rmoured vehicles and helicOtpters.
There is :a need to develop a more accepta,l)le form o!f hearing protection that will enalble Ithe wearing of the protection to lbe more easily 'chelcked. Idea:lIy the device should not need Ito be fitted hya medical officer or other person.
Units must ensure tht personnel with hearing impairment requiring an ORL specialist opinion lattend ifor their appointments. Recommendations made !by ORL specia'lists must !be 'acted on to proteot !fmm further damage the hearing Of those already showing hearing imparrmen:t. Ar11angements must be made !for those personnel whose hearing is severely impaired to Ibe medically dischaJ1ged and they must not ibe exposed Ito ifurther weapon noise While iaw<lJ1ting the medic<lJl board.
In the Army :Medical Services, sufficient Itechnidans must [be trained in audiology Ito ,co'ver the ext11a workload at ORL departments that will ocour as a result of the soreening programme. There will also be a need to train an adequate number of technicians !for employment at the medical centres carrying out audiometry. At present, a:ll Medical ~AJSsistants Class I are !being given ltraining in Ibasic audiometry, hut to cover ~ea.iVe,sickness and postings this may have to he expanded to Medical Assistant Clalss 2 personnel as well. It is at these centres that a system of clinical appraisal and repeat audiometry must he organized to check the authen-
